Purpose: The aim of this study is to investigate the 4-year incidence and progression of visual impairment (VI) and the associated risk factors for incident VI in a South Indian population with type 2 diabetes. Methods: A total of 634 participants with type 2 diabetes were found eligible after 4 years. Visual acuity (VA) was estimated using the modified Early Treatment Diabetic Retinopathy Study protocol. VA in the better eye was considered for the assessment of VI based on the World Health Organization criteria. Mild VI was defined as VA <20/40 but up to 20/60, moderate VI as VA <20/60 but up to 20/200, severe VI as VA <20/200 but up to 10/200, and blindness as VA worse than 10/200. Results: The 4-year incidence of any VI, mild VI, moderate VI, severe VI, and blindness was 21.7%, 18.3%, 3.4%, 0.0%, and 0.0%, respectively; of the 13 participants with VI at baseline, 12 (92%) showed worsening/progression of VI on follow-up. Multiple logistic regression showed that nuclear cataract of grades >4.0 (odds ratio [OR]: 2.612 [1.148-5.942], P = 0.022) and lower socioeconomic score (OR: 0.965 [95% confidence interval, (0.933-0.998)], P = 0.040) were associated with the risk of future incident VI. Refractive error (47%) and cataract (30%) were identified as the leading causes of incident VI at follow-up. Conclusions: VI seems to be a significant problem among diabetic participants in the South Indian population. Refractive error and cataract are the leading but treatable causes of incident VI in this population and would benefit from intervention.
According to the World Health Organization (WHO), the total number of individuals with visual impairment (VI) worldwide was estimated to be 285 million in the year 2010; of whom, 39 million were reported to be blind. [1] The report also suggested that blindness is a major health issue and is unequally distributed among the different WHO regions (including India). [1] In spite of increased cataract surgery rates in the past two decades, the prevalence of blindness in South Asia is three times higher than that in Central Asia. [2] It is apparent that less-developed countries are likely to have a greater burden of blindness and causes other than cataract may probably account for it. Diabetes with even mildly to moderately impaired sight has a negative impact on perceived quality of life and psychosocial functioning, giving rise to feelings of vulnerability, worries about the future, and loss of independence and mobility.
We previously reported the prevalence of VI among participants with diabetes in urban India to be 4%. [3] Previous report observed progression of cataract and diabetic retinopathy (DR) along with increased incidence of other potentially blinding conditions such as retinal vascular diseases, optic neuropathy, and glaucoma among participants with diabetes. [1] However, there are no reports regarding incidence and progression of VI among participants with diabetes from India. We therefore examined the 4-year incidence and progression of VI and baseline risk factors for incident VI.
Methods
The study was approved by the Institutional Review Board and informed consent was obtained from each participant. The research followed the tenets of the Helsinki Declaration. The study design and research methodology is described in detail elsewhere. [4] The study area was the Chennai metropolis with a population of 4.3 million, distributed in 155 divisions of 10 zones. As a sample, 5999 participants from the general population aged >40 years were enumerated by multistage random sampling. Fig. 1 is a flowchart showing recruitment and follow-up of Sankara Nethralaya-Diabetic Retinopathy Epidemiology and Molecular Genetic Study (SN DREAMS I) cohort.
The SN-DREAMS II is a follow-up study wherein participants of SN-DREAMS I were reexamined after 4 years. These 1175 participants who were previously known to have diabetes [5] were invited to the base hospital for a comprehensive evaluation, including assessment of visual acuity (VA), ophthalmic and biochemical investigations; 337 were nonparticipants, 20 participants had ungradable photographs, Cite this article as: Srinivasan S, Raman R, Ganesan S, Roy R, Natarajan V, Sharma T. Four-year incidence and progression of visual impairment in a South Indian population with diabetes. Indian J Ophthalmol 2017;65:589-95.
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For reprints contact: reprints@medknow.com 95 participants had died [ Fig. 1 ], and 3 participants had incomplete data, with finally 720 participants available for the study. Of these, 86 pseudophakic participants were removed from the analysis; thus, a total of 634 participants were studied for the incidence of VI.
VA was estimated using the modified Early Treatment Diabetic Retinopathy Study chart (Lighthouse Low Vision Products, New York, NY, USA). For those who could not read English alphabets, Landolt ring test was used. Objective refraction (Streak Retinoscope, Beta 200, Heine, Germany) was always followed by a subjective refraction. If the participant was unable to read the 4/40 (log MAR 1.0) line, vision was checked at 1 m, and if the participant was still unable to identify any of the larger optotypes, perception of hand movements was assessed; if the vision was less than hand movements, perception of light was tested. VA in the better eye was considered for the assessment of VI based on the WHO criteria. [6] Mild VI was defined as VA <20/40 but up to 20/60, moderate VI as VA <20/60 but up to 20/200, severe VI as VA <20/200 but up to 10/200, and blindness as VA worse than 10/200.
A range of demographic, biochemical, and ocular variables examined at baseline were assessed for risk factors for VI.
Subsequently, the cause for VI was also examined. Refractive error was considered to be a cause for VI if there was improvement of VA by refractive correction. For other causes of VI, the best-corrected VA was considered.
The cause for VI was separately documented by the ophthalmologist. In the presence of combination of findings, for instance, cataract, and age-related macular degeneration (AMD), the cause predominantly contributing to VI was specifically documented by the ophthalmologist.
Definitions
• Socioeconomic score (SES): Low SES (score, 0-14), middle SES (score, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , and high SES (score, 29-42) [7] • Body mass index: Expressed as kg/m 2 : Lean (men <20, women <19), normal (men 20-25, women [19] [20] [21] [22] [23] [24] , overweight (men 25-30, women [24] [25] [26] [27] [28] [29] , and obese (men >30, women >29) [8] • Hypertension: Blood pressure >140/90 mmHg or use of antihypertensive medications [3] • Normoalbuminuria: Albumin/creatinine ratio (ACR) <30 mg/g • Microalbuminuria: ACR = 30-300 mg/g • Macroalbuminuria: ACR >300 mg/g [9] • Anemia: Hemoglobin concentration (men <13 g/dl and women <12 g/dl) [10] • Diabetic neuropathy: Vibration perception threshold >20 V [11] • Glycemic control: Normal (HbA <7%) and abnormal (HbA ≥7%) • High fasting plasma glucose: Fasting blood sugar >140 mg/dl [12] • High serum triglycerides: ≥150 mg/dl • High serum cholesterol: ≥200 mg/dl [3] • Known diabetes: On oral hypoglycemic drugs or insulin or both [12] • Emmetropia: Spherical equivalent (SE): −0.50-+0.50 diopter sphere (DS) • Myopia: SE <−0.50 DS • Hyperopia: SE >+0.50 DS • Astigmatism: Cylindrical error <−0.50 diopter cylinder at any axis [13] • Ocular hypertension: Intraocular pressure >21 mmHg.
Lens opacities were graded using the Lens Opacities Classification System III (LOCS chart III, Leo T. Chylack, Harvard Medical School, Boston, MA, USA). The fundi were photographed using 45° four-field stereoscopic digital photography and were graded by two independent masked ophthalmologists; the grading agreement was high (κ = 0.83). DR was diagnosed based on the modified Klein classification. [14] Statistical analysis To determine the incidence of VI, participants with normal VA [6] at baseline were examined after 4 years. To determine the progression of VI, participants with VI at baseline were examined for worsening of VI at follow-up. Statistical analyses were performed using the statistical software (SPSS for Windows, version 14.0, SPSS Inc., Chicago, IL, USA). Incidence of mild VI, severe VI, and blindness was assessed. Progression from mild VI to severe VI, from mild VI to blindness, and from severe VI to blindness was determined. Univariate and multiple logistic regression analyses were performed using incident VI as the dependent variable. P < 0.05 was considered statistically significant. Table 1 presents the VA status at baseline and at follow-up. The mean age of the participants was 55 ± 9 years (range: 40-83 years). Of 634 participants with diabetes at follow-up, 620 had normal vision at baseline and were therefore considered as the number at risk for incident VI. Of the 634 participants, 135 (21.7%) developed some form of VI after 4 years; 18.3% of participants developed mild VI, 3.4% developed moderate VI, and none developed severe VI or blindness. Table 2 presents the participants who showed incidence and progression of VI, where N represents those at risk at baseline. For instance, N at risk for incident VI represents 
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One participant had VA data missing at follow-up, thus leaving us a total of 634 participants for the analysis on visual impairment. VA: Visual acuity those who had normal vision at baseline examination. N at risk for progression represents those who had some form of VI at baseline and are at risk of worsening of VI. Fifteen participants had some form of VI at baseline (at baseline, 2 had blindness, 12 had mild VI, and 1 had severe VI). The two participants at baseline who had blindness (VA <3/60) were not counted for progression as there is no progression beyond blindness. Therefore, excluding the two participants who had blindness (VA <3/60) at baseline, thirteen participants with VI at baseline were considered as the number at risk for progression; 12 (92%) of the 13 participants showed progression from mild VI to moderate VI (n = 12, 14.2%), whereas 1 participant with severe VI at baseline showed no change in the VI status (stable) on follow-up. The two participants with blindness (VA <3/60) showed improvement to severe VI on follow-up. in older-onset taking insulin, and 2.7% in older-onset not on insulin. de Fine Olivarius et al. [23] reported 6-year incidence of blindness to be 1.5% and incidence of moderate VI to be 6.2%. Compared with other studies, we observed a much higher incidence of VI although a majority had mild VI.
In our study, cataract was a significant risk factor for incident VI similar to that of the studies by Resnikoff et al. [24] and Klein et al. [25] The 2002 National Health Interview Survey, United States, reported that 16% of those in the age group of 50-64 years with cataract had diabetes as against 6% in nondiabetic participants, and the percentage became higher (50%) in those 65 years or older when compared with 39% among nondiabetic participants.
In our study, refractive error (47%) and cataract (30%) are the leading causes of incident VI [ Fig. 2] . Individuals with cataract at baseline examination were at a greater risk of developing VI than those with no cataract. Cataract is the most common cause of VI in Indian population. [26] The Andhra Pradesh Eye Disease Survey [27] observed uncorrected refractive error (47%) and cataract (43%) as the leading causes of VI in a South Indian population. The Aravind Comprehensive Eye Survey [28] also reported cataract as the leading cause (72%) of blindness in a South Indian population. The aforementioned studies included study cohorts from general population and were not exclusively diabetic. Our study appears to be the first to report the incidence of VI in a South Indian population with diabetes.
We observed AMD to be the third highest cause (accounting for 11%) of incident VI in the diabetic group; AMD was the leading cause of VI among Caucasian Americans whereas cataract and glaucoma were the leading causes of VI among African Americans. [29] These findings are not surprising because the causes of VI can vary with race/ethnicity. Nevertheless, it is of concern that 11% of our study population had AMD.
Studies conducted worldwide [16] [17] [18] [19] 21, 30] [ Table 5 ] showed variations in their definitions of VI and also differed in the number of years of follow-up of the study populations, thus making direct comparisons difficult. We defined VI based on the WHO definition. The results reported here may therefore need to be interpreted in the given context and definitions.
We observed that sight-threatening DR (STDR) is not a significant predictor of incident VI. Of the 135 participants with VI, only three had STDR. This probably indicates effective medical, laser, and surgical intervention practices in place or spontaneous resolution of DR without any intervention. [22] 
Conclusions
The 4-year incidence of VI in a South Indian population with diabetes is 21.7%. Cataract and refractive error are the leading but treatable causes of incident VI in this population and would benefit from intervention.
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There are no conflicts of interest. Table 4 presents the risk factors for incident VI using multiple logistic regression analysis. After adjusting for albuminuria status, cataract graded as LOCS >4.0 (P = 0.022) and lower SES (P = 0.040) were the only variables identified as independent predictors of incident VI. Those with nuclear cataract of grades >4.0 had more than 2.5 times (95% CI, 1.148-5.942) the risk of developing incident VI in comparison to those with cataract grades in the range of 0-2.0. Those with lower SESs had 0.965 times (95% CI, 0.933-0.998) the risk of developing incident VI than those with higher SESs. Fig. 2 shows the various causes of VI; 47% and 30% of the incident VI were attributed to refractive error and cataract, respectively.
Discussion
The main finding of our study is that the 4-year incidence of VI in a South Indian population with diabetes is 21.7%, whereby majority (18.3%) of it is mild VI (VA <20/40-20/60) and about 3.4% had developed moderate VI (VA <20/60 but up to 20/200). Table 5 presents a summary of the incident VI in diabetes reported in various studies across the world. Although the table summarizes all studies, only those with similar study duration may be comparable to our study. Klein et al. [20] reported the incidence of VI to be 4.6%, 4.9%, and 3.7% at 4, 5, and 6 years of follow-up, respectively. Moss et al. [15] reported a 4-year incidence of blindness to be 1.5% in the younger onset, 3.2% 
